Summary. Exposure to indoor allergens can occur both at home and in public places such as schools and workplaces. To investigate and compare the presence of indoor allergens in different kind of environments (schools, offices and homes), dust samples were collected from furniture, desks, mattresses and floors with a standardized procedure. Samples were analyzed for Der p 1, Der f 1, Mite group 2 (mites) and Fel d 1(cat) by monoclonal antibody ELISA assay. Mite allergens were detected with low frequencies in schools and workplaces and with high frequency in homes. Fel d 1 was found with high frequency in every examined environment. Homes rather than public places can represent the environment where people can easier incur in mite allergy. All environments could be at risk for cat allergen exposure.
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IntRoDuCtIon
In the last decades allergy and related symptoms have been increasing [1] . Since in developed countries people spend most part of the day in indoor environments [2] , we can observe a significant number of subjects with symptoms induced by indoor allergen exposure. In fact, exposure and sensitization to house dust mites (HDM), the most common indoor allergen, have been suggested to be the main cause of asthma [3, 4] . Furthermore, for dust mites sufficient evidence of a causal relationship between exposure and asthma development [5] has been provided. Another widespread allergen that could induce asthma symptoms is Fel d 1, the major cat allergen. A dose-response relationship between exposure and sensitization (threshold: 1-2 µg allergen/ g of dust) to indoor allergens, as well as between exposure and symptom development (threshold: [8] [9] [10] µg/g), has been established [3] . Briefly, many studies have revealed that in asthmatic patients, sensitized to a particular allergen, asthma morbidity is directly related to the degree of exposure to that allergen [6] . For this reason an active surveillance of indoor environments could be really significant. The evaluation of indoor allergen levels in different environments where people spend much more time is an essential requisite for applying an active surveillance. While it is not realistic to make indoor environments allergen free, it is possible to apply some hygienic measures and periodical environmental controls.
Preliminary studies by our group (unpublished observation) reported the high and frequent presence of cat allergen rather than mite allergens in an indoor workplace. Prompted by these results and by other recently published studies [7] , we sought to better investigate these issues by increasing the number of samples and by selecting different types of indoor environment. In particular, we sought to evaluate and compare the presence of such indoor allergens in the three most important environments where people spend time in the different stages of life, i.e. schools, homes and offices in a metropolitan area in the Center of Italy (137 samples) and in a smaller town in the North of Italy (158 samples).
Our final goal was to verify and to evaluate the allergen exposure during both the childhood (schools) and the adult age (offices) and ever at home, and the variation in allergen exposure in the different environments considered.
MEtHoDS

Environment sampling
Several indoor environments (schools, workplaces and homes) were sampled. Two hundred and ninetyfive samples from these environments were analyzed. We included in our analysis only samples containing > 30 mg of fine dust. Therefore we processed 134 samples from homes, 87 from offices and 74 from schools. Specific allergen avoidance measures (acaricide treatment, use of air cleaning systems with filters to remove particles carrying allergens, allergenproof covers) have never been applied in all these environments.
Dust collection
In workplaces dust samples were collected from offices' floors and furniture (such as chairs and writing-desks), in schools from classrooms' floors and desks, and in homes from beds and floors of bedrooms and from floors and sofas of living rooms.
Trained technicians used a vacuum-cleaner Miele Electronic 1600 W (Gütersloh Westfalia Germany) to collect dust samples, equipped with a dust collection device (Mitest Dust Collector from Indoor Biotechnologies Inc., Cardiff, UK) which fits into the distal end of the vacuum extension tube. Dust collection was performed with a standardized procedure according to the protocol previously described by Dreborg et al. [8] . Immediately after collection the samples were kept at +4 °C.
Samples extraction and ELISA assessment
The samples were extracted according to the Manufacturer's protocol (Indoor Biotechnologies, Cardiff UK) and the extracts were centrifuged for 20 minutes at 2 500x g at +4 °C. The supernatants were stored at -20 °C until analysis. Dust samples were analyzed for Der p 1, Der f 1, Mite group 2 allergens (Mite g 2) and Fel d 1 with monoclonal antibodies-based ELISAs using quantitative ELISA Kits from Indoor Biotechnologies Inc. We considered positive any value higher than the quantitation limit (calculated as the mean value of 12 blanks plus six times the standard deviation) for any ELISA Kit (Der f 1=0.07 µg/g; Der p 1=0.2 µg/g; Mite g 2=0.06 µg/g; Fel d 1=0.1 µg/g).
Statistical analysis
For each allergen under study the median and the interquartile range of the values different from zero were calculated. Concentrations of different allergens were not normally distributed and were transformed using the logarithm base 10 scale in order to allow the use of parametric tests. The mean values of the transformed variables were then compared using the t-test when comparing two groups of values, and one-way ANOVA when comparing more than two groups. Frequencies of detectable samples were compared in a two by two way (workplaces vs schools, schools vs homes and workplaces vs homes) using the chi 2 test or Fisher exact test when appropriate. Comparisons were considered to be significant if p<0.05.
In the distribution analysis, we imputed, for allergen concentrations below the lower detection limit, 0.5 times such a value, in order to show an overall distribution of allergen for all samples.
RESuLtS
In the present study dust samples were collected from different environments. In each environment the floor together with the typical furniture were sampled.
Initially we considered two different urban types (a metropolitan area near the sea and a smaller continental city), but statistical analysis showed no statistical differences in allergen concentrations between the two different cities for each environment, therefore we consider all data as a single data set.
Environment 1: schools
As regards samples from schools, 74 samples were collected and detectable levels of Der f 1 were found in 4 samples (5.4%), Der p 1 in 2 (2.7%), and Mite g 2 in one sample only (1.3%), whereas Fel d 1 was found in 51 out of 74 samples (68.9%) (Figure 1) .
Mite allergen concentrations are shown in Table 1 , the highest value detected was 1.8 µg allergen/g of dust (Der p 1), and none of the samples gave values over the cut-off for sensitization and/or symptom development ( Table 2) . On the contrary, Fel d 1 concentrations ranged from 0.2-25.1 µg/g, 13 samples out of 74 were over the threshold for sensitization, and 3 out of these 13 samples over the threshold for the development of symptoms (Table 2) , the median value was 3.3 µg/g ( Table 1 ).
Environment 2: workplaces
As regards samples collected from the workplaces, 87 samples were analyzed. We found detectable levels of Der p 1 in 4 (4.6%) samples, whereas Der f 1 was found in 9 (10.3%) and Mite g 2 in 8 (9.2%) out of 87 samples. The frequency of Fel d 1 was higher, since this allergen was detected in 56 out of 87 (64.4%) samples (Figure 1) .
Despite the low frequencies of mite allergens (<10%) their concentrations reached values up to 55.3 µg/g (Mite g 2) ( Table 1) . Among mite allergens, Der f 1 was the most common, its concentration values were over the threshold for sensitization in 4 out of 87 samples, and over the threshold for symptom development in 2 out of 87 ( Table 2) .
As regards cat allergen, Fel d 1 concentration reached a maximum peak of 320.8 µg/g (median 25.4 µg/g, Table 1 ), 45 samples out of 87 were over the threshold for sensitization, and 20 out of these 45 samples were over the threshold for symptom development ( Table 2 ). Figure 1) .
Environment 3: homes
In these environments, high mite allergen concentrations were found in upholstered surfaces such as beds and sofas. Again, among mite allergens, Der f 1 was the most common and in 43 out of 134 samples its concentration was over the threshold for sensitization. Twenty-three out of these 43 samples overcome the threshold for symptom development ( Table 2) .
Similarly, the highest Fel d 1 values were detected in samples from upholstered furnishing (up to 82.8 µg/g), although the allergen was widespread in every place analyzed. The allergen concentration ranged between 0.1 and 82.8 µg/g ( Table 1 ) and values were in 52 out of 134 samples over the threshold for sensitization, in 22 out of those 52 over the threshold for symptom development. Figure 2 gives an overall look at allergen concentration distribution for all samples. Significant differences in term of percentage of samples with a detectable allergen level were found between the three types of environments considered. In particular, when we compared the percentages of sites with a detectable concentration we found that homes had a significant higher concentration than both workplaces and schools for all allergens except Fel d 1. For Mite group 2 there was also a significant difference between workplaces and schools. Despite these frequency differences, no significant differ- ences were found when means of log transformed concentration values measured for each allergen in the three environments were compared. Fel d 1 was found in all the three types of environment, while HDM are much more frequently detected in homes than in public places.
Comparison of allergens distribution
DISCuSSIon
Exposure and sensitization to indoor allergens have been associated with the development of asthma and other allergic diseases [9] . The most important remedy actions are to establish the degree of exposure and to evaluate whether allergen control measures are effective in a particular area [10] .
The aim of the present study was to identify which places (school, office, home) represent the major source of exposure to indoor allergens and to compare different indoor environments by monitoring allergen levels in dust samples. Furthermore, this is the first study aimed to compare the amount of four different indoor allergens in several types of indoor environments. We selected three types of indoor environments, i.e. public places (workplaces and schools) and private (homes) where people spend most time from childhood to adulthood. We initially compared the same kind of environments in two towns selected as models with different extension areas, number of inhabitants and density of population as well as different atmospheric condition, that could potentially affect allergen exposition since climatic conditions can modify allergen levels [11] .
The first interesting result from the present study is that differences between allergen concentrations in the same kind of environments of the two cities were not significant. Therefore, on the basis of these results, data from different schools, offices and homes were pooled together to carry out such analysis among these three environments.
Furthermore other important data are the relatively low frequency obtained for house dust mites in public places, both workplaces (offices) and schools. These results could be explained by the typical furnishings used in these environments, such as formica and others not upholstered materials, that are not an optimal microenvironment for house dust mites growth. Different results were obtained for domestic dwellings, in which house dust mites were detectable in a large number of samples and often with high concentrations.
Since mite allergens were scarcely present in public places and were considerably detected in houses, this study allowed us to confirm [12] homes rather than public places as the environment where peo- ple can undergo sensitization and/or elicitation of symptoms by mite allergens. On the other hand, in our study, mite allergens showed a confined diffusion in domestic dwellings, although concentrations were very high due to the appropriate microenvironment. Our observations are supported by studies which reported home as the ideal microenvironment for house dust mites, representing a source of food associated with an optimal temperature and relative humidity [13] . In homes a reduction of mite allergen levels is possible by adopting some relatively simple measures such as new mattresses and increased ventilation of the bedrooms [14] . Moreover, several physical and chemical control methods are practicable in order to reduce the risk of exposure to mite allergens [15] [16] [17] [18] [19] [20] [21] [22] .
On the other hand, Fel d 1 was widely and almost equally widespread in offices, schools and domestic dwellings. Cat allergen was found in a large number of samples and very often in these environments the concentrations were higher than the threshold of both sensitization and elicitation of symptoms (1-2 µg allergen/g dust and 8-10 µg/g, respectively) [3] . Recently, Platts-Mills [23] suggested that the proteins that are less foreign (mammalian) will not induce a response in human beings until they are at high dose. From this point of view, the high frequency and concentrations obtained for Fel d 1 can constitute a considerable risk.
Results from the present study showed that Fel d 1 allergen only could play a significant role in sensitization and/or elicitation of symptoms in public places (offices and schools). Moreover, the high levels of Fel d 1 detected in cat-free environments such schools and offices, support the hypothesis that cat owners are an indirect surrogate for cat allergen exposure and their clothes are the main source for diffusion of allergen [7, [24] [25] [26] [27] . Consequently, being Fel d 1 ubiquitous, people could experience sensitization [28] and/or symptom elicitation in every place (public or not), independently from the type of place where they spend more time (according to their age and lifestyle) and from climatic condition or other characteristics of the city. A recent study showed that a tendency to avoid pet keeping is clearly present in people with cat allergy [29] . But, as shown by our study and by data previously reported [25] [26] [27] , we can confirm that pet's avoidance is not sufficient to avoid Fel d 1 exposure, and adequate allergen control methods are needed especially in public places. Although extensive washing is a simple, inexpensive, and extremely effective method of massively reducing mite as well as cat allergens from private environments (carpet, sheets, sofa) [17] , this method is difficult to apply to public environments.
In conclusion, we can emphasize that, while it is relatively easy to carry out measures in order to reduce the risk of mite allergen exposure because they preferentially proliferate in confined environments like homes, this is quite difficult or not possible at all for cat allergen in public places. For this reason much more effort, including adequate environmental control and cleaning measures, is required to achieve an effective reduction of cat allergen levels.
